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The  development  of  the  wideband  quasi- coherent  detector  de¬ 
scribed  in  this  paper  resulted  from  the  need  for  a  low  noise,  very  low 
delay  FM  detector  for  use  in  power  line  protection  systems.  At  NTC- 
1975,  Klapper  and  Kratt  described  the  new  detector  and  presented  the 
results  of  their  analyses  of  output  distortion  and  performance  in  the 
presence  of  sine  wave  interference.  Recently  they  have  published  a 
more  detailed  analysis  These  previous  authors  showed  that  under 

usual  operating  conditions  the  detector  output  contains  distortion 
components  that  are  relatively  small.  They  also  found  that  in  the 
presence  of  weak  sine  wave  interference  their  detector  performed  ap¬ 
proximately  the  same  as  the  limiter  discriminator.  However,  with  a 
strong  interfering  carrier  the  Klapper-Kratt  detector  performed  much 
better  than  did  the  limiter  discriminator.  The  detector’s  performance 
in  the  presence  of  strong  interference  led  to  the  inquiry  whether  the 
new  detector  might  possibly  provide  threshold  extension. 


The  detector  (without  limiter)  has  now  been  analyzed  with 
noise  and  found  to  perform  identically  to  the  limiter  discriminator 
above  threshold.  However,  threshold  occurs  at  a  higher  CNR  than  that 
of  the  conventional  limiter  discriminator.  The  results  of  this  analy¬ 
sis  were  confirmed  experimentally  by  assembling  and  testing  a  version 
of  the  new  detector  family.  '  It  was  also  verified  experimentally  that 
the  Klapper-Kratt  detector  preceded  by  a  limiter  performs  identically 
to  the  limiter  discriminator, 

Noise  Analysis 


There  are  several  forms  of  the  Klapper-Kratt  detector.  In 
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this  paper,  the  version  shown  in  Figure  1  was  chosen  to  be  analyzed 
in  detail.  The  primary  reason  for  this  choice  was  determined  by  the 
lack  of  an  integrator  in  the  demodulator  portion  of  the  detector. 

With  no  integrators,  the  potential  integrator  initial  condition  prob¬ 
lem  previously  described^)  is  nonexistent  resulting  in  a  detector 
with  true  wideband  performance. 


Figure  1.  Dual  Differentiator  Version  of  The  New  FM  Detector 

The  operation  of  the  detector  may  be  understood  as  follows. 

The  input  signal  is  applied  to  the  first  differentiator  input.  The 
output  of  the  second  differentiator  is  180°  out  of  phase  with  the  in¬ 
put  signal,  and  the  amplitude  varies  as  the  square  of  the  instantane¬ 
ous  input  frequency.  The  time  constant  of  each  differentiator  is 
selected  to  give  unity  gain  at  some  radian  frequency,  .  Thus,  at 

this  center  frequency,  the  output  of  the  summer  vanishes.  Above  and 
below  this  frequency,  the  output  of  the  summer  has  an  amplitude  which 
increases  as  the  frequency  of  the  input  signal  moves  away  from 
Coherent  detection  is  performed  by  the  first  multiplier.  The  output 
of  this  multiplier  is  a  signal  containing  the  demodulated  output  plus 
a  component  at  the  second  harmonic  of  the  detector  input  signal. 

The  RF  canceller  portion  of  the  detector  has  been  added  to 
remove  the  second  harmonic  of  the  input  signal  with  theoretically  zero 
delay.  The  canceller  circuit  generates  a  term  proportional  to  sin^ 
t  which,  when  added  to  the  first  multiplier  output,  cancels  the 
second  harmonic  present  in  the  demodulator  output. 

A  brief  description  of  the  derivation  of  the  SNR-CNR  relation¬ 
ship  will  now  be  presented.  The  demodulator  portion  of  the  detector 
is  redrawn  in  Figure  2. 
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Next,  the  autocorrelation  of  z(t),  defined  by  Equation  4,  is  deter¬ 
mined. 
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By  rewriting  Equation  5  as  the  sum  of  expected  values  and  simplifying, 
the  autocorrelation  becomes 


The  Fourier  transform  of  RZZ(T)  will  produce  the  output  power  spectral 
density  (PSD),  or. 
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where  S(tu)  is  as  shown  in  Figure  3a. 
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Figure  3a.  PSD  of  x(t)  and  y(t) 
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Figure  3b.  Complete  Detector 


The  second  and  third  terms  of  Equation  8  may  be  evaluated 
using  convolution  techniques.  After  extensive  manipulation,  the  out¬ 
put  PSD  becomes 
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where  B  is  the  predetection  bandwidth  (Figure  3b). 

The  output  noise  power  is  determined  by  integrating  Equation  9  over 
the  post  detection  bandwidth  (Equation  10). 

where  is  the  post  detection  bandwidth. 

Completing  the  integration  results  in  Equation  11. 
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In  order  to  obtain  the  output  signal  to  noise  ratio,  the 
signal  output  power  from  the  demodulator  must  also  be  obtained.  Sin¬ 
gle  tone  modulation  is  a  common  standard  of  comparison.  Assuming 
single  tone  modulation,  the  input  signal  can  be  written  as 

Input  Signal  =  Acos  (  I00t  “V  (3  ),  (j  2J 

where  ■  modulation  index 
and  \A)*  =  frequency  of  modulating  signal. 


Passing  this  signal  through  the  demodulator  yields 


TAUBELL 


O  O  TPOT  IGNAX- 

Pow  €LR  C.R  f'A 


A*  3* 

2~«Oca-  ~ 


(\  5) 


The  SNR  at  the  detector  output  is  simply  the  ratio  of  Equations  11  and 
13,  or,  (assuming  signal  and  noise  can  be  taken  additively) 
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This  result  is  exceedingly  simple.  It  is  valid  above  threshold,  at 
threshold,  and  below  threshold.  Only  three  assumptions  were  made  in 
this  derivation: 


a)  uV"  >>^0 

(2)  The  signal  and  noise  are  additive. 

(3) 

*  2, 

Special  Case-High  CNR 

For  the  high  CNR  case  the  last  four  terms  in  the  denominator 
of  Equation  14  become  negligible.  Hence, 
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Setting  Lx)  *  UJ. and  recalling  that 
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CNRAM  =  CNR  (B/2  "b  >  » 
Equation  15  may  be  reduced  to 

SNR  (High  CNR)  =  3  £X  CNR^ 


Equation  17  describes  the  SNR  improvement  expected  in  the  linear 
improvement  region.  This  expression  is  identical  to  the  well  known 
expression  for  the  conventional  limiter  discriminator  above  threshold. 
^Hence,  the  performance  of  the  Klapper-Kratt  detector  above  thresh¬ 
old  is  identical  to  that  of  the  limiter  discriminator  above  threshold, 
without  the  use  of  a  limiter.  A  conventional  discriminator,  however, 
has  a  highly  degraded  performance  without  a  limiter. 

Threshold 


Equation  14  may  be  used  to  determine  threshold  occurence  for 
a  specified  u>b  and  B.  This  equation  has  been  evaluated  for  various 
values  of  the  ratio  B/2uub  ,  and  the  result  is  plotted  in  Figure  4. 


FIGURE  4ft  THRESHOLD  CNRan  VS  IF  TO  IASE  IAN0  RATIO 

Comparing  this  curve  with  that  of  the  limiter  discriminator  shows  no 
apparent  threshold  improvement  as  was  previously  thought.  However, 
the  new  detector,  without  the  additional  complexity  of  a  limiter,  will 
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perform  nearly  as  well  as  the  limiter  discriminator  for  low  modulation 
indices, 

RF  Cancelling 

Up  to  this  point  of  the  analysis  the  RF  cancelling  portion  of 
the  detector  has  been  ignored.  It  has  been  assumed  that  the  canceller 
simply  eliminates  the  undesired  high  frequency  products  of  detection, 
and  has  no  effect  on  the  output  signal  to  noise  ratio.  This  assump¬ 
tion  is,  in  fact,  true  as  can  be  demonstrated  by  following  the  signal 
plus  noise  through  the  canceller.  This  derivation  will  not  be  included 
in  this  paper.  It  is  straight-forward,  but  lengthy. 

Experimental  Verification 

The  demodulator  portion  of  the  dual  differentiator  version  of 
the  Klapper-Kratt  detector  has  been  built  and  tested.  Data  taken  with 
this  demodulator  is  presented  for  comparison  with  the  analytical  re¬ 
sults  of  the  preceding  paragraphs. 

The  circuitry,  assembled  with  silicon  monolithic  integrated 
circuits,  is  shown  in  Figure  5. 


305 


TARBELL 


A  center  frequency  of  1000  Hz.  was  chcsen  for  convenience.  Adjustable, 
active,  electronic  filters  were  used  to  establish  pre-  and  post-detec¬ 
tion  filtering.  The  predetection  filter  bandwidth  was  set  to  165  Hz., 
while  the  post-detection  filter  was  adjusted  to  a  bandwidth  of  32  Hs. 

A  25  Hz.  baseband  modulating  signal  was  used  to  deviate  the  carrier 
+  75  Hz.  A  plot  of  the  measured  SNR  versus  CNR  characteristic  for  the 
Klapper-Kratt  demodulator  is  shown  in  Figure  6. 
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FI6URE  ||  EXPERIMENTAL  PERFORMANCE  OF  KLAPPER- 

KRATT  DEMODULATOR  WITHOUT  LIMITER 
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Figure  7  is  an  expanded  portion  of  Figure  6,  Figure  7  shows  threshold 
occurring  at  CNR^  =  16.9  dB;  the  SNR  improvement  above  threshold  is 
12.3  dB,  A  conventional  limiter  discriminator  was  assembled  and  eval¬ 
uated  for  comparison. 
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DEMODULATOR  WITHOUT  LIMITER  (EXPANDED  SCALE) 

Figure  8  and  Table  I  present  a  comparison  of  the  experimental  and 
analytical  data  gathered  in  this  investigation  of  the  noise  perform¬ 
ance  of  the  Klapper-Kratt  detector.  The  graphical  comparison  shows 
excellent  agreement  above  and  below  threshold.  These  curves,  while 
not  coincident,  are  quite  similar  in  the  vicinity  of  threshold.  The 
small  (  ^  1.0  dB)  differences  between  the  measured  and  analytical 
SNRs  produce  the  3.0  dB  difference  in  the  experimental  versus  analyt¬ 
ical  threshold  CNRs.  From  Figure  8  it  is  clear  that  the  Klapper-Kratt 
detector  (no  limiter)  performs  the  same  as  the  limiter  discriminator 
above  threshold.  Threshold  in  the  Klapper-Kratt  detector,  however, 
occurs  at  a  higher  CNR  than  that  of  the  limiter  discriminator.  This 
result  led  to  the  experimental  investigation  of  the  Klapper-Kratt 
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TABLE  I.  COMPARISON  OF  THE  LIMITER  DISCRIMINATOR  WITH 
THE  KLAPPER-KRATT  DEMODULATOR 
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Results  of  this  investigation  are  shown  in  Figure  9. 


(WITH  LIMITER)  AND  LIMITER  DISCRIMINATOR  | 

The  performance  of  the  Klapper-Kratt  detector  (with  limiter)  is  virtu¬ 
ally  identical  to  that  of  the  conventional  limiter  discriminator. 

Conclusions 

In  the  above  threshold  region  the  Klapper-Kratt  detector  per¬ 
forms  identically  to  the  limiter  discriminator.  Threshold  in  the 
Klapper-Kratt  detector  occurs  at  a  higher  CNR  than  that  of  the  limiter 
discriminator.  For  small  or  moderate  modulation  indices  this  differ¬ 
ence  in  threshold  performance  is  quite  small.  Small  enough,  in  fact, 
that  in  applications  where  a  limiter  is  undesirable  the  Klapper-Kratt 
detector  would  likely  be  a  preferred  alternative  to  the  conventional 
limiter  discriminator.  The  primary  application  for  this  demodulator 
is  where  delay  must  be  minimized. 

The  equation  describing  the  performance  of  the  new  demodulator 
is  very  simple.  This  result  is  valid  in  the  linear  improvement  region, 
at  threshold,  and  in  a  region  below  threshold. 
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